Abstract. The purpose of this study is to present a comparison of the workload demonstrated
Introduction
Previous studies using computer software for recording physical activity and physiological responses to soccer players' workloads during training and matches have determined that the distances run by a high-class soccer player during a soccer game can vary from 9 to13 kilometers. However, it is covered at a level of low-intensity effort, using the relatively small amounts of energy required for walking or jogging (Rampinini et al., 2007) . A high-intensity run (sprint) occurs less frequently (Di Salvo et al., 2010) . However, the number of runs at a highintensity loading (around 24 km/h) differs significantly between the initial and final parts of the match (Bradley et al., 2009) . A single sprint usually lasts no longer than 5 seconds (Andrzejewski et al., 2013) . When matches are being won, central defenders perform fewer sprints and the forwards perform significantly more, compared to matches that are being lost . The ability to perform at and sustain a level of high intensity effort is a distinguishing characteristic of players in terms of their physical performance during match conditions. On the other hand, it has been observed that having better technical skills means that the distance covered at high intensity or in a sprint becomes smaller (Di Salvo et al., 2009) . A similar relationship was observed by Bradley, Noakes et al. (2013) , who showed that soccer players of the worst-ranked teams (relegated to a lower division for the next season) covered during matches a greater distance at the level of high-intensity effort than players of the best-ranked teams (promoted to a higher division for the next season), despite the fact that their physical condition was similar. Rampinini et al. (2007) observed increased running activity of a professional soccer team in matches against better opponents.
An important indicator characterizing the match activity of soccer players, apart from the variation in distances run at different speeds, is heart rate (HR). Analyzing the workloads of young players, Capranica et al. (2001) observed that during 85 % of a match HR fluctuated within 170 bpm. The players' workload should theoretically be similar in both halves of a match and to this element of the physical stresses of a match researchers have attached a lot of importance. Relatively less attention from the research point of view has been attached to the pre-match warm-up (WU); it is also the case that coaches and players themselves do not always pay enough attention to this part of competitive sport preparation. Most frequently the WU is considered to be an element of anti-traumatic prophylaxis (Pilis et al., 2017) , and its versatile potential for preparing the body for the coming loads of a submaximal, maximal and supramaximal intensity is forgotten (Sander et al., 2013) . However, as an example of thinking more creatively about the WU, it has been found that using the Pilates program during a WU may improve muscular balance and correct the body posture of athletes (Horbacz et al., 2013) . The above data was collected by numerous authors using SOCIETY. INTEGRATION. EDUCATION Proceedings of the International Scientific Conference. Volume IV, May 25 th -26 th , 2018. 199-210 201 technologically advanced devices that are at the beginning to be widely available and that is why it is possible to register training loads even in smaller soccer centers and also among young soccer players. Recognizing the importance of both the warm-up and the main part of the match, the present study was constructed to compare the running load and body response in terms of heart rate of young soccer players during the warm-up, first and second halves of a league match.
Material and Methods
Eleven young Polish soccer players (18.03±0.27 years; 69.15±4.72 kg; 177.61±4.96 cm), members of the central professional juniors' league, participated in the study. Recording of the somatic workload was conducted during the warm-up (WU), first half (FH) and second half (SH) of a match. The WU was performed in such a way that its duration was equivalent to either half of a match, with static and stretching exercises in the first stage, after which running exercises of increasing intensity were introduced. During the WU, FH and SH the following variables were recorded: total distance run, maximal and average speed during the runs, number of sprints, distances run at different speeds, durations of effort at specific HR zones, and maximal, average and minimal HR values, both absolute and relative. The durations of effort at specific HRs were recorded in five ranges (zones): (I) 50-59 % HRmax; (II) 60-69 % HRmax; (III) 70-79 % HRmax; (IV) 80-89 % HRmax; (V) 90-100 % HRmax. The distances covered were also recorded in five speed run ranges (zones): (1) 3.00-6.99 km/h; (2) 7.00-10.99 km/h; (3) 11.00-14.99 km/h; (4) 15.00-18.99 km/h; (5) 19.00 km/h and above. The recording of these parameters was made possible by using the Global Positioning System (GPS, Polar Team Pro Finland -Sensor GPS (10Hz), MEMS Motion Sensor (200 Hz), which was attached to the skin of each player's chest. The parameters were read using Polar Team Pro.
The study was conducted with the permission nr KB-1/2013 of Ethical Committee of Jan Długosz University in Częstochowa.
The arithmetic means and standard deviations were calculated in order to provide a statistical description of the data. Then one-way analysis of variance with repeated measurements and Bonferroni test post hoc analysis was used. Statistically significant values were taken as p<0.05.
Results
Numerical data characterizing the running loads and the circulatory system reactions occurring during the WU, FH and SH are presented in Tables 1, 2 and 3 respectively. The arithmetic mean values of the tested variables obtained in Table 1 indicate a significant load of the tested athletes and the changes in skewness and kurtosis are relatively small.
The values of arithmetic means of the variables examined in Table 2 indicate the maximum load of the tested athletes and the changes in the skewness and kurtosis value are in some cases significant.
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It was shown that during the WU, FH and SH the soccer players ran different distances (F=30.107; p<0.001), and that the distances were significantly shorter during the WU than during the FH and SH (p<0.001); furthermore, during the FH a longer distance was run than during the SH (p=0.050). There was also a significant difference between the three analyzed exercise phases in terms of average running speed (F=37.731; p<0.001), as shown in Table 4 . 
NS -non-significant
The data in Table 5 show that the soccer players ran significantly different distances in all the above described speed run zones in the three exercise phases (p<0.001), and that during the WU the distances were shorter than during the FH and also the SH (all zones except 3.00-6.99 km/h). In addition, at the speed run zones of 7.00-10.99 km/h and 11.00-14.99 km/h, athletes ran longer distances during the FH than during the SH.
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It was also found that the response of the circulatory system to the applied exercise load was different in the three exercise phases. The exercise performance duration at five submaximal HR zones was different in the WU, FH and SH phases (Table 6) . 
Post hoc analysis showed that in HR zones of a more moderate level, i.e. 50-59 % HRmax and 60-69 % HRmax, more time was spent during the WU than in the FH and the SH, and in the zone of 70-79 % HRmax more time was spent in the WU than in the FH (p=0.005). However, in the ranges of 80-89 % HRmax and 90-100 % HRmax, the time spent at such high HR values was significantly shorter in the WU period than during the FH and the SH. It was also shown that the absolute values of HRmin (F=11.488, p<0.001) and HRmean (F=14.191, p=0.002) were significantly different between the exercise phases (Table 7) . Post hoc analysis showed that significantly higher HRmin values were achieved in the FH than in the WU (p<0.001) and the SH (p=0.023), while HRmean values were significantly lower in the WU than during the FH and SH (p<0.001). Interphase differences of relative HR were similar to absolute values of this physiological variable. 
The obtained results show that the load on the players' body during the WU was lower than during FH and SH, which was comparable in both parts of the match.
Discussion
The soccer players in this study covered the longest distance during the FH and the shortest distance during the WU, there being thus also a difference between the distances covered during the FH and the SH. Such a variation between the FH and the SH is consistent with the literature, pointing to the fact that the total distance covered in the SH of a soccer match is less than in the FH at the highest and medium levels of the sport Mohr et al., 2008) . This tendency has been demonstrated in the current study by players, who, according to objective criteria, would be considered to be of an average national professional level. It is unfortunate that the available literature does not provide evidence regarding the physical loads that occur during the WU. As a result, no previous comparison of the WU with both parts of the subsequent match has been made. The present work thus presents something new. From the analysis in the current study of the loads sustained during the three phases of exercise, it is clear that greater attention should be paid to the constituent elements of the WU. The warm-up phase is important because while on the one hand it should be intense enough to make the body flexible and prepare its individual systems for increased physical loads, on the other hand it should not be so intense as to cause premature fatigue, and thus possibly have an adverse effect on the overall result of the match.
It was also noted in the current study that the maximum running speed and the number of sprints performed during each of the three phases were similar. These intense forms of running loads experienced at the highest speed constitute only 10-20 % of the overall effort expended during the match, which for 80-90 % of the time is played at low and moderate running speeds (Bloomfield et al., 2007) . Data provided by Barros et al. (2007) and Mohr et al. (2008) indicate that as a
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th -26 th , 2018. 199-210 207 result of progressive fatigue experienced in the SH, soccer players make in that part of the match a smaller number of sprints and high intensity efforts than in the FH. There are, however, studies showing that high-intensity runs are maintained equally throughout the duration of a match by both young (Da Silva et al. 2007; Castagna et al. 2003) and adult soccer players ). It has been considered that it is the maximal speed of a run, the distance covered, the number of sprints, and the high average speed of runs performed during a match that are the main factors determining the state of physical preparation of a soccer player (Gregson et al., 2010; Ingebrigtsen et al., 2015) . If that is the case, then it is reasonable to conclude that the actual distances run in different ranges (zones) of running speed also constitute an important factor. In the present study there were significant differences in this respect; the longest distances in the WU period were covered at a speed of 3.00-6.99 km/h, and in both parts of the match itself the longest distances were covered at speeds of 7.00-10.99 km/h and 11.00-14.99 km/h. The current study also confirmed that the running distance covered during the FH was greater than during the SH, and this result was observed in the two speed zones, 7.00-10.99 km/h (p=0.033) and 11.00-14.99 km/h (p=0.023). A global analysis of the running loads sustained during the three exercise phases of the current study thus showed that both the achieved distances (in different speed zones) and the achieved speeds themselves consistently differentiate the WU from the FH and SH, and also the FH from the SH. It is interesting to see whether the applied running loads are closely mapped by HR changes. It seems that such a mapping does occur, because both HRmean and HR achieved in the five separate zones (50-100 % HRmax), significantly differentiate the WU, FH and SH phases. However, changes in HR are not as sensitive an indicator of body workload as the distance covered, because some of the results do not show differences between the FH and the SH or significant differences in running loads.
It has previously been shown that HRmean achieved during a 90-minute match can range from 155 to 172 bpm (Eniseler, 2005) , which corresponds to 85 % HRmax (Helgerud et al., 2001) . Such a relatively high workload on the body corresponds to the HR observed at the anaerobic threshold (Stølen et al., 2005) . Loads during the WU in the present study were lower than the anaerobic threshold: HRmean was at the level of 68.46±5.35 % HRmax, with an average speed of movement equal to 3.52 km/h. The low, under anaerobic threshold, intensity (i.e. not leading to a higher level of physical performance) of the WU is also supported by the fact that during the match itself the players stayed for the longest periods of time in the low and medium HR zones of 60-69 % HRmax and 70-79 % HRmax and in the low speed range of 3.00-6.99 km/h. Interpretation of the results obtained in the WU should also take into account that the purpose of the WU is not to train the body, but only to prepare it for more intense efforts (Sander et al., 2013 ). In the current study, in the FH the players achieved HRmean= 85.00±7.71 % HRmax, and stayed for the longest periods of time in the cardiovascular load ranges of 80-89 % HRmax and 90-100 % HRmax and in the medium-intensity running speed zones of 7.00-10.99 km/h and 11.00-14.99 km/h. During the SH, HRmean was achieved at 81.18±6.66 % HRmax, and the players spent the longest periods of time in the cardiovascular load range of 80-89 % HRmax and the medium-intensity running speed zones of 7.00-10.99 km/h and 11.00-14.99 km/h. The values of HR appearing in the FH and SH suggest that the body workload in these periods can be high enough to reach the anaerobic threshold, which would lead to the further development of physical performance. However, the running speeds recorded in both parts of the match, but particularly in those in which the players covered the greatest distances, did not always indicate that anaerobic threshold loads had been achieved, especially as the average running speed during the FH was 6.93±1.37km/h and during the SH was 6.28±1.23 km/h, with maximal values of these variables equal to 27.80±4.23 km/h and 29.10±4.26 km/h, respectively. Probably only sprints and running at speeds above 19 km/h should be counted as above-anaerobic threshold workloads. However, during the match and WU there were few such instances (in the current study they lasted no more than 5 minutes), although such episodes can determine to a large extent the outcome of a game (Gregson et al., 2010) .
In summary, the analysis of workloads during the WU, FH and SH can be performed by tracking HR changes, as well as by recording the length and speed of runs. Tracking such changes in the cardiovascular system enables the distinguishing of differences between lower and higher workloads in relation to exercise intensity observed at the anaerobic threshold.
Conclusion
1. The total length of the distance run, the average speed of run, and the distances covered at different speeds are good indicators for differentiating physical activity during the warm-up and both halves of a soccer match involving young soccer players. 2. The body's response to differential running loads during the warm-up and both halves of the match as expressed by submaximal heart rate in specific zones changes, minimal and average heart rate, was different during warmup and both parts of the match, and adequate to the running load. 3. Warming-up constituted a smaller workload than did both halves of the match itself. Sporadic workload demands on the body were the biggest during the first half of the match and in some part exceeded the workloads occurring at the anaerobic threshold. Conference. Volume IV, May 25 th -26 th , 2018. 199-210 209 4. There is an urgent need to extend the results obtained in the current studies to the biochemical and physiological reactions of the organism and to link them to the indicators of the effectiveness of the game.
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